Consumption of shellfishes is a major cause of allergic reaction and IgE mediated hypersensitivity is an increasing health issue in sensitive individuals. Thermal stability of allergen of the flower tail shrimp Metapenaeus dobsoni was evaluated during extended period of boiling for immunoreactivity. Shrimp extracts boiled for 5 to 25 min showed increased IgE reactivity of 0.251 to 0.268 nm at absorbance of 490 nm in comparison to raw extract. Tropomyosin of 37 KDa was observed to withstand longer periods of boiling and found to retain IgE binding activity. Thermal treatment by means of boiling for longer duration increased the recognition of this major allergen in individuals with shrimp sensitivity. Hence, tropomyosin subjected to longer period of boiling could be used in facilitating shrimp allergy diagnosis and for detection of allergen in processed food products.
Introduction
Seafoods are rich in many essential nutrients and can play a major role in the nutrition and health of human beings. Although consumers' preference of seafood is increasing, the major seafood groups such as fish and shellfish frequently cause allergic reactions in sensitive persons. Among shellfishes, shrimps are predominant in causing allergic reactions and IgE mediated shellfish allergy is a prevalent health issue in both children and adults (Tsabouri et al., 2012) . Allergic reactions are usually associated with gastrointestinal and dermatological symptoms. It is also manifested with severe life threatening reactions like anaphylaxis and shellfish allergy is a long lasting one which can persist throughout life (Steensma, 2003; Lopata and Lehrer, 2009 ). The allergic symptoms can even develop in sensitive individuals due to inhalation of cooking vapours and direct handling contact with shellfish in addition to ingestion (Jeebhay and Lopata, 2012) . It is reported that shellfish allergy patients have similarity with peanut allergy and show clinical reactivity throughout life associated with increased risk of wheezing and hyper reactivity (Lopata et al., 2010) . Allergic responses in sensitive persons are mediated through immunoglobulin, IgE.
Myofibrillar protein, tropomyosin is reported as a major allergen in shellfishes having two identical subunits with molecular weight of 35 to 38 KDa (Shanti et al., 1993; Leung et al., 1998) . It is present in both muscle and non-muscle cells. It is an important muscle protein having major role in muscle contraction and is a pan allergen of invertebrates (Goetz and Whisman, 2000) . Presence of this protein in very low concentration can elicit reactions in sensitive persons. Alpha helical and coiled structure of tropomyosin is highly conserved in nature and can cause IgE cross reactivity with patients allergic to crustaceans and house dust mites (Reese et al.,1999) . The cross reactive nature of tropomyosin is reported to be due to highly conserved amino acid sequences (Lehrer et al., 2003) . Although there is a number of IgE binding epitopes reported for tropomyosin, it can vary from one allergic person to another (Shanti et al., 1993; Motoyama et al., 2007) . The allergenic protein structure in quaternary form can give stability enhancement through increasing IgE reactivity and by efficient antibody cross linking. Several other allergenic components other than tropomyosin have also been reported in shellfishes.
Avoidance of specific diet causing allergy is the main advice to people suffering from allergic reactions. Strict avoidance of specific diet can become difficult in situations with unintentional cross contact with different food materials and can result in allergic reactions in highly sensitive people. Accurate identification of allergic protein is highly essential for specific allergic testing and management of allergic patients. Allergenicity and allergen stability can be modified through different processing methods (Mondal et al., 2006; Abramovitch et al., 2017) . Heat treatment in the form of boiling can enhance the texture and flavour along with microbiological safety. Protein denaturation due to loss in tertiary and/ or secondary interactions, new intra-or inter-molecular bonds, aggregation, rearrangements of disulfide bonds and other conformational modifications can ultimately lead to modification in allergen reactivity. As there is frequent reporting of shrimp allergic reactions, flower tail shrimp (Metapenaeus dobsoni), a commonly consumed shrimp species in Kerala, was selected to understand the effect of boiling on allergen potency. There is no previous report on changes in allergenicity during boiling for extended period of time of this locally consumed shrimp variety. The present study assessed the stability of allergen and how extended boiling alters the allergenicity of M. dobsoni.
Materials and methods

Collection of shrimp samples and human sera
Freshly landed samples of flower tail shrimp Metapeneaus dobsoni were collected from Kalamukku landing centre, Kochi. Samples were iced at 1:1 ratio and immediately transported to the laboratory in insulated boxes. The meat was collected, homogenised and stored at -20˚C until further analysis.
Blood samples (10 ml) were collected from 13 patients with a history of immediate hypersensitive reaction and positive skin prick test to shrimp in general as per the record of Mary Queens Hospital, Allergy and Asthma Research Centre, Kochi, Kerala. The symptoms include breathlessness, diarrhea, vomiting, oral allergy syndrome, urticaria, swelling of face, hands and anaphylaxis. The persons hypersensitive to shrimps belonged to the age group between 20 and 58 years, comprising 8 females and 5 males. Blood samples were drawn from the patients with their consent for research purpose. Separation of individual sera was carried out by centrifuging at 2500 rpm for 20 min at 25˚C. Then sera from the patients were pooled and stored at -20˚C. Sera from three healthy individuals with no allergic reaction to shrimp was also prepared on the same day and used as control. The control sera were also pooled and stored at -20˚C.
Preparation of boiled shrimp extracts
Homogenised meat was extracted with four volumes of 0.01 M phosphate buffered saline (PBS, pH 7.2) at 10000 rpm for 10 min to prepare raw extract as per the method of Motoyama et al. (2007) . Centrifugation was carried out at 8000 rpm for 20 min and the supernatant was collected as raw extract. Five batches of the raw extract was kept in boiling water bath for time periods of 5, 10, 15, 20 and 25 min respectively followed by centrifugation at 7500 rpm for 10 min and the supernatant was collected. The protein concentration of the extracts was determined by Biuret method (Gornall et al., 1949) using bovine serum albumin (BSA) as standard. The prepared extracts were freeze dried and stored at -20 ˚C.
Enzyme linked immunosorbent assay (ELISA)
Enzyme linked immunosorbent assay (ELISA) was carried out as per the method reported by Ishikawa et al. (1997) using 96 well flat bottomed polystyrene microtitre plates. The plates were coated initially with 100 µl of prepared extracts diluted with 0.05 M carbonate buffer (pH 9.5) at 1:1000, which contained about 1 µg protein. Then it was subjected to immunoreactions with 100 µl of pooled serum from patient as well as control as primary antibody, diluted at 1:50 with 0.1% BSA in PBS. Subsequently, 100 µl of secondary antibody i.e., HRP conjugated goat anti-human IgE antibody (Thermo Fisher Scienific) diluted at 1:2500 with 0.1% BSA in PBS was added. A substrate solution of 0.1% O-phynylenediamene dihydrochloride and 0.03% hydrogen peroxide in 0.05 M phosphate-citrate buffer at pH 5 was added to effect the enzymic reaction for a period of 30 min at room temperature and the reaction was terminated using 2N H 2 S0 4 . The resulting colour was measured at 490 nm using microplate reader. Each of the analyses was carried out in triplicate and the results expressed as mean ± standard error.
SDS-PAGE and immunoblotting
Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) was carried out as per the method reported by Laemmli (1970) using Mini Protean 3 Apparatus (Bio-Rad, USA). The separating and stacking gels used were of 12 and 4% polyacrylamide (30% T) respectively. It was run at 150 V for 50-60 min. The shrimp extracts were mixed with Lamelli buffer in the ratio of 1:4, heated at 95˚C for 4 min, cooled and loaded along with a wide range protein marker (Sigma) as a reference. Shrimp extracts were loaded at 10 µg per lane in wells 1, 2, 3, 4 and 5 and 15 µg per lane in R for separation by electrophoresis. After completion of running, the gels were stained with Coomassie blue R-250 and de-stained using acetic acid (7%) solution. Relative molecular weights of bands were determined based on protein bands of marker.
Then the proteins were electrophoretically transferred to a 0.45 µm nitrocellulose membrane using Mini Trans-Blot System (Bio-Rad, USA) at 80 V for 120 min. The membrane was washed with 0.05% Tween 20 in Tris Buffered Saline (TBS) and blocked using 3% BSA (w/v) in TBS. Then it was subjected to reaction with pooled patients' sera (diluted 1:50 in blocking buffer) at 4˚C overnight. The membrane was then subjected to reaction with HRP conjugated goat anti-human IgE antibody (ThermoFisher Scienific) diluted at 1:500 at 37˚C for 1 h. The membrane was then incubated with colourimetric horse radish peroxidase (HRP) substrate using Opti-4CN substrate kit (Bio-Rad, USA).
2D gel electrophoresis and immunoblotting
Two dimensional gel electrophoresis (2-DE) was carried out as per the method given by Vinod et al. (2018) . An amount of 200 µg of boiled sample was made upto 125 µl using rehydration buffer having a final concentration of 7 M urea, 2 Mthiourea, 2% DTT, 2% ASB-14-4, 4% CHAPS, 0.001% bromophenol blue and 2% ampholyte (pH 3-10). Then the sample was loaded to 7 cm IPG strip holder, overlaid with IPG strip, covered with 700 µl of mineral oil and rehydrated actively (50 V, 201C) for 18 h using IEF cell. Filter wicks were hydrated and placed under the gel after rehydration. DTT of 600 mM was used for hydrating cathodic filter wick, whereas water was used for anodic filter wick. IEF was carried out at 300 V for 30 min, 1000 V (gradient) for 30 min, 5000 V (gradient) for 1.5 h and continued at 5000 V for another 30 min. Then it was held at 50 V for 12 h. In continuation to this, the IPG strip was subjected to incubation in equilibration buffer I (50 mM Tris, pH 8.8, 6 M urea, 30% glycerol, 2% SDS) with 0.3% DTT for 10 min followed by incubation in equilibration buffer II having 4.5% iodoacetamide for 10 min.
Equilibrated IPG strip was kept on 12% SDS-PAGE gel and sealed using agarose buffer (0.75% agarose in 1M Tris glycine, SDS buffer containing 0.003% bromophenol blue). After separation of proteins in the SDS-PAGE gel, they were electrophoretically transferred to nitrocellulose membrane as per the above procedure. The protein bands were visualised in the membrane using ponceau S stain (Genetix Biotech Asia Pvt. Ltd., New Delhi), de-stained and immunoblotted using pooled sera of shrimp allergic patients.
Results and discussion
IgE binding ability of boiled extracts
Raw extract of M. dobsoni was subjected to boiling at durations of 5, 10, 15, and 20 and 25 min and IgE binding ability was evaluated by ELISA method (Fig. 1) . Pooled allergic patients' sera exhibited significantly (p<0.05) higher IgE binding ability to boiled extracts in comparison to raw extract. No significant difference (p>0.05) in IgE activity was observed between shrimp extracts boiled for different time periods.
The raw extract exhibited an IgE binding ability of 0.212±0.01 at absorbance of 490 nm. The extracts boiled Effect of extended boiling on shrimp allergen for 5 to 25 min showed IgE binding ability ranging from 0.251 to 0.268 nm at absorbance of 490 nm. Cooking or thermal process can enhance allergenicity due to different mechanisms like protein denaturation, formation of new epitopes, aggregation and chemical modification (Clare Mills et al., 2009) . Ebo and Stevens (2001) reported that food allergens will be highly resistant to denaturation and can elicit immune reaction even under conditions of heating and enzymatic action. Abramovitch et al. (2013) reported higher IgE reactivity in case of cooked extracts of blue swimmer crab and black tiger shrimp. Increased IgE reactivity of the cooked crustacean extracts due to modification of crustacean protein as a result of glycation during heating has been reported (Abramovitch et al., 2017) . Heating can also modify conformation of proteins and hence allergenicity by disrupting disulfide bonds. The conformational changes can lead to better epitope recognition by antibody after heating (Albrecht et al., 2009 
SDS-PAGE analysis of raw and boiled extracts
As cooking in the form of boiling can give a thermal treatment effect, changes on allergic protein can be observed in SDS PAGE pattern. The SDS-PAGE pattern of raw and boiled extracts at different time durations are given in Fig. 2 . In case of raw extract, a number of bands ranging between 205 and 6.5 KDa were observed. In case of boiled extracts, many protein bands were absent in comparison to raw extracts. Tropomyosin of 37 KDa, the reported major allergen in shellfishes was found to be conserved in all the boiled extracts, regardless of the duration of boiling from 5 to 25 min. Remarkable reduction of protein bands in boiled extracts between 205 and 45 KDa were observed in comparison to raw extract. The loss of protein bands in all the boiled extracts may be related to the effects of heat. Thermal treatment can cause potential modifications in the proteins including fragmentation, denaturation, or intra-or inter-molecular protein cross linking (Taheri-Kafrani et al., 2009; Oliveira et al., 2013) . Even during extended boiling period upto 25 min, the protein profile pattern was not altered (Fig. 2) . The formation of advanced glycation end products after heating in the presence of endogenous or exogenous sugars by the Maillard reaction can increase IgE binding which is reported in other food allergens (Ilchmann et al., 2010) . 
Immunoblotting
Immunoblotting of all the boiled extracts at different time duration with pooled sera of allergic patients showed IgE binding at 37 KDa (Fig. 3 ). Intense and thick dark bands were observed at 37 KDa for cooked extracts of M. dobsoni with individual patient sera in a previous study (Laly et al., 2019) . IgE binding components observed at 20 KDa and 75 KDa (line 2 and 3 of Fig. 3) are less intense and are minor allergens. After heat treatment by means of boiling, tropomyosin showed strong IgE binding due to recognition by pooled sera of shrimp allergic patients.
This finding again confirmed and proved that tropomyosin is heat resistant in nature and can retain IgE-binding ability even after prolonged heating period (Leung et al., 1998; Motoyama et al., 2007; Kamath et al., 2013) . Reese et al. (1999) reported that tropomyosin can withstand heat-treatment by most known type of food processing techniques and it could be specifically due to its exceptionally stable alpha helical coiled secondary structure. Tropomyosin subjected to boiling can undergo protein-protein interactions or aggregations during thermal treatment and can result in enhanced IgE binding (Mine and Yang, 2008) .
2D immunoblotting
Extract of flower tail shrimp boiled for 15 min was separated by 2D electrophoresis and subjected to immunoblotting with pooled sera of shrimp sensitive persons (Fig. 4) . Protein spots were identified in the molecular weight range of 50 to 20 KDa (Fig. 4a ). During immunoblotting of boiled extract, a prominent band at approximately 37KDa protein was identified clearly in presence of pooled sera of shrimp sensitive persons (Fig. 4b ). Tropomyosin of 37 KDa was identified as the major allergen by individual shrimp allergy patient sera in flower tail shrimp earlier (Laly et al., 2019) . Yadzir et al. (2015) reported the allergic protein of carpet clam by 2D immunoblotting. Alteration in the protein structure by boiling can lead to destruction or modification of epitope and affect IgE binding (Paschke and Besler, 2002) . In the native configuration, tropomyosin exists in the form of dimers. The structural speciality of the molecule can enhance stability and IgE reactivity by cross linking with the antibody. Yang et al. (2010) and Gamez et al. (2011) reported that the best single molecular marker for evaluating the clinical symptoms of crustacean allergy is shrimp tropomyosin specific IgE.
Understanding shrimp allergenicity during thermal treatment by means of cooking or boiling is important as it is a common household culinary method. Allergenic properties of shrimp during extended period of boiling are critical for shrimp sensitive individuals. Higher IgE reactivity was observed for extracts of flower tail shrimp boiled for 5 to 25 min. Trpomyosin of 37 KDa was observed to withstand longer periods of boiling and found to retain IgE binding activity, by SDS PAGE and by 1D/2D immunoblotting, respectively. Thermal treatment by means of boiling for longer duration increased the recognition of this major allergen in individuals with shrimp sensitivity. Hence tropomyosin subjected to longer period of boiling could be used in facilitating shrimp allergy diagnosis and for detection of allergen in processed food products to protect consumers with high sensitivity. 
